Introduction
Choroidal osteoma is a rare, benign, osseous choristoma presenting as a yellowish-orange, well-defined fundus mass. It is commonly encountered in young adults, mostly females, though it has been reported in children as well. Though benign in nature, choroidal osteomas usually grow very slowly over months to years, though sometimes growth can be quite extensive. 1 Almost 60% of eyes with osteoma may suffer significant visual loss. 2, 3 One of the principal causes, in up to 30% of cases, is the development of choroidal neovascularisation (CNV). 1 CNV commonly develops subretinal haemorrhage and eventual disciform scarring. Various treatment modalities have been used in the past to destroy the CNV by argon laser photocoagulation, 4, 5 photodynamic therapy (PDT), 6, 7 transpupillary thermotherapy (TTT), 8, 9 or even surgical removal of the CNV. 10 More recently, anti-VEGF agents have been used not only in retinal diseases, such as agerelated macular degeneration or high myopia, where CNV is frequent, but also where choroidal tumours, such as naevi form CNV. 11 In this report, we present the management and outcomes of a series of eyes with CNV secondary to choroidal osteoma with bevacizumab intravitreal injections monotherapy in a single centre.
Patients and methods
This is a retrospective case note review of eyes with choroidal neovascularization secondary to choroidal osteoma managed in the Medical Retina and Ocular Oncology Services of Moorfields Eye Hospital and St Bartholomew`s Hospital for the period of 2010 to 2014. The study complied with the Declaration of Helsinki and the ethics committee at Moorfields Eye Hospital approved the research protocol (number PEFM1010s). All patients underwent a full clinical and imaging assessment, including Snellen bestcorrected visual acuity, slit-lamp fundus ophthalmoscopy, optical coherence tomography (OCT), baseline B-scan ultrasonography, and fluorescein angiography.
Clinical details at presentation included age, gender, ophthalmic, and medical history. Osteoma characteristics recorded were location (quadrant or foveal area, position in relation to foveola, and optic disc), dimensions (measured clinically and on ultrasound B-scan), and degree and distribution of decalcification. CNV was assessed clinically and with fluorescein angiography (predominantly classic or classic vs minimally classic or occult) and location on the osteoma was recorded. The presence of intraretinal or subretinal fluid was recorded for every visit either clinically or with OCT scans and central retinal thickness measurements were obtained with the use of automated software.
All patients underwent treatment with intravitreal anti-VEGF injections on a treat and observe basis. Bevacizumab (1.25 mg; Avastin; Genentech, South San Francisco, CA, USA) was used as an 'off-label' treatment for CNV secondary to choroidal osteoma, with informed consent from the patients. All procedures were performed using standard aseptic technique. The eye was topically anaesthetised and prepared using povidone-iodine (5%). Bevacizumab was injected via a 30-gauge needle through the pars plana 3.5 and 4.0 mm from the limbus for pseudophakic and phakic eyes, respectively. The number of injections was recorded. Retreatment was determined by persistence or recurrence of intraretinal or subretinal fluid. At the end of follow-up, complete regression of CNV was defined as no subretinal fluid overlying the osteoma and partial regression of CNV was defined as the presence of residual trace fluid overlying the osteoma.
Results
During the study period, there were eight eyes with a CNV over a choroidal osteoma. The mean age was 41 years (median 34, range 17-72 years). Clinical and demographic features are presented in Table 1 .
Clinical features of osteomas
The location of the osteoma (Table 1 ) was subfoveal or juxtafoveal in 2/8 eyes, extrafoveal in 2/8 eyes, and juxtapapillary in 3/8 eyes. One osteoma spanned the juxtapapillary and macular area. All lesions had areas of decalcification. In 6/8 eyes of osteomas decalcification was located at the tumour epicentre and extending peripherally. At presentation, OCT scans were available for all patients. There were six eyes with subretinal fluid 
Choroidal neovascular membrane
Three eyes had subretinal haemorrhage. On fluorescein angiogram 6/8 of eyes had the features of classic ( Figure 1 ) and 2/8 had occult or minimally classic CNV ( Figure 2 ). In three eyes CNV was located at the tumour epicentre, in three eyes in the periphery of the lesion, and in two eyes at the fovea in association with RPE changes.
Anti-VEGF treatment
The results of anti-VEGF treatment are summarised in Table 2 . All cases received bevacizumab monotherapy of 1.25 mg/0.05 ml. The mean follow-up time was 9.5 months (median 9 months, range 3-15 months). Eyes received a mean of 5 injections (median 5, range 3-10).
No ocular or systemic adverse effects occurred during treatment.
Visual acuity and OCT findings
Snellen visual acuity before treatment was in the range 6/12 to counting fingers. There were 2 eyes that had bestcorrected visual acuity equal to 6/12 and 6 eyes with 6/18 to counting fingers. Visual acuity improved at the end of the follow-up period in five eyes by 2-6 Snellen lines, remained the same in one eye and worsened in two eyes by 1 and 5 Snellen lines, respectively. Following treatment with bevacizumab, five cases demonstrated complete regression and three cases partial regression of the CNV (Figures 1 and 2) . At the end of the follow-up period, OCT scan was not available in one patient. Six out of eight eyes demonstrated a reduction in central retinal thickness. In one eye there was no change. The mean reduction in central retinal thickness was 122 μm (range 6-230 μm). In four eyes retinal thickness reduction was associated with visual acuity improvement, in one eye visual acuity remained stable, and in two eyes visual acuity was worse. 
Discussion
Visual loss in eyes with choroidal osteoma can be the result of tumour growth, tumour decalcification, and choroidal neovascularization. 1 The development of CNV is not uncommon and has been reported to occur in 30% of patients in a series of 74 eyes. 1 The published case series and individual case reports of eyes with CNV secondary to choroidal osteoma amount to a total of 85 cases in the literature. 4, Osteoma size has not been associated with the development of CNV. Growth of choroidal osteoma is slow over years with an average estimate of 0.37 mm/year. 1 Osteoma location in the majority of published cases is juxtapapillary with temporal extension toward the papillomacular bundle and involving the foveal area. 4, In our series, osteomas were similarly juxtapapillary in half of the cases with the remainder in the macular area.
Almost all the eyes in this study harboured a classic CNV with one case presenting with occult and one with minimally classic CNV. This agrees with previous reports. 4, Location of CNV was found to be mostly subfoveal or juxtafoveal in our series. Similarly, in 22/85 reported cases location was subfoveal, 18/85 was juxtafoveal and 21/85 cases were extrafoveal. 4, In the remainder of cases location was not described in relation to the fovea. 4, However, the fovea was still indirectly affected by associated haemorrhage or encroaching subretinal fluid.
Associated findings in relation to CNV are the presence of decalcification and RPE changes. It is interesting that growth appears halted at areas of decalcification and the lack of RPE changes is predictive of osteoma growth. A recent spectral domain OCT study demonstrated the gradual excavation of osteomas as a result of bone remodelling is association with the development of RPE changes over a period of 5 years. 37 Previously reported cases have associated the development of CNV with areas of decalcification. 2 Decalcification is considered the cause for subsequent Treatment of CNV in osteoma with bevacizumab VP Papastefanou et al RPE/choriocapillaris disturbance and irritation of the retinal tissue with possible effect on VEGF production. 13 In our series all osteomas had areas of decalcification with RPE changes. CNV developed at or at close proximity to these areas in the majority of cases. These findings suggest that choroidal neovascularization over a choroidal osteoma is a late-onset complication in the course of the lesion. In this case series, there was evidence of subretinal fluid on OCT in all patients. The presence of subretinal fluid has been found to be predictive of CNV. 1 However, subretinal fluid and serous macular detachment can develop over a choroidal osteoma as a result of the RPE disturbance without evidence of a CNV. 27 Subretinal haemorrhage was present in three cases in this study. Subretinal haemorrhage has been considered a stronger predictive factor for CNV. 1 However, spontaneous haemorrhages can occur over an osteoma from Valsalva manoeuvres, 38 polypoidal choroidal vasculopathy, 39 or can even be idiopathic, 40 rather than from CNV. Use of anti-VEGF injections in these situations may not be efficacious. Assessment by fluorescein angiography is therefore an important part of the workup.
There is currently no standard treatment for a CNV arising from a choroidal osteoma. Various modalities have been used in the past including argon green laser, krypton red laser alone or in combination for extrafoveal CNVs, PDT with standard settings or as half-fluence alone or in combination with anti-VEGF agents, TTT alone in one case report 9 or in combination with anti-VEGF agents, 27 and anti-VEGF agents alone or in combination.
Out of the available anti-VEGF agents, bevacizumab, has been most commonly used mostly as monotherapy or in combination with ranibizumab, PDT, or TTT. Ranibizumab has been used to a lesser degree in combination with PDT consolidation. 2 Aflibercept use has been reported in one case, 14 as third-line treatment following failure of bevacizumab and ranibizumab in a case with poor therapeutic response with positive results.
Our series has the advantage that all cases were treated with bevacizumab injections alone without adjuvant or combined treatment with another anti-VEGF agent or PDT in a single centre. An additional strength is that all patients were treatment naive. The number of injections per patient in our series ranged from three up to ten. Half the cases had complete regression of the subretinal fluid and clinical improvement. Visual acuity was improved by 2-4 lines in 4 eyes, was stable in 1, and was worse in 2 eyes. Mean central retinal thickness was improved by 122 microns. The two eyes that had a drop in visual acuity had signs of complete regression of CNV but structural retinal damage limited the visual outcome.
In the largest publication on CNV in osteomas, there were 26 eyes treated in 23 centres. 12 In that report, 17 eyes received bevacizumab and the remainder received ranibizumab, or combination of the two with 5 cases receiving PDT consolidation. Eliminating 2 eyes that had chronic CNV, there were 18 eyes treated with anti-VEGF injections alone, with a mean number of 4.5 injections, and with a 4.9 Snellen line improvement at 2 years. In another series 2 PDT consolidation was required in four out of eight cases treated with anti-VEGF injections. In those without additional PDT, the number of injections ranged from 3-40 with 3 out of 4 cases having satisfactory control of CNV. Though anatomical response was achieved, the visual gains were only modest. In the current study, visual acuity stabilised or improved in six out of eight eyes. Finally, there are collectively a further 15 cases in the literature that have received bevacizumab monotherapy, from a small case series 13 and individual case reports, and that report improvement in visual acuity in 11 eyes and worsening in 2 eyes. All worsening eyes had areas of decalcification at the fovea.
The most suitable therapeutic algorithm for subfoveal or juxtafoveal CNV secondary to osteoma is difficult to determine as reported regimens and therapeutic responses have been variable. On the basis of the current data, treat and observe has been the norm. Treat and extend is an alternative approach, 2 but as this is a rare tumour with the possibility of reactivation of CNV, RPE damage, and decalcification the course of treat and extend may be less predictable than for other disorders with CNV.
We recognise the weaknesses of our study include the small numbers even though it is a single institution, monotherapy report of a rare complication of a rare tumour. PDT consolidation was not tested in this study. Despite encouraging results, PDT has been associated with osteoma decalcification, further photoreceptor atrophy, 2 and worsening of choroidal perfusion. 13 Alteration of PDT parameters might be beneficial. So far there is one recorded case 23 of half-fluence PDT with positive results used concomitantly and not as consolidation treatment along with one injection of ranibizumab.
In summary, CNV secondary to choroidal osteoma is a late-onset complication developing following decalcification and RPE changes, is usually classic in angiographic type and has variable location on the tumour developing either on the epicentre or at the margins. Bevacizumab monotherapy as a treatment modality is a safe and relatively effective treatment with stabilised or improved visual acuity in 75%. Whilst randomised trials of a rare complication in a rare disease would be difficult to realise, these results indicate that anti-VEGF monotherapy currently has a role for first line treatment for osteomas with CNV in juxtafoveal or subfoveal location.
